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Electromagnetic Valve 



The present invention relates to an electromagnetic valve 
according to the preamble of patent claim 1. 

Proportionalized electromagnetic valves are known in the art 
which, in contrast to conventional electromagnetic valves of 
binary operation, are not actuated pulse-like but exhibit a 
damped continuous movement of the valve closure member, 
without generally utilizing the structurally possible total 
stroke of the valve closure member. Due to this well dosed 
proportional operation, which is adjusted to be 'soft' under 
control technology aspects, it cannot be ruled out that 
contaminants will gather in the area of the valve seat and the 
valve closure member and impair, under certain circumstances, 
both the operation of the electromagnetic valve and the system 
connected thereto. DE 196 538 95 Al, for example, describes an 
electromagnetic valve of the proportional type of 
construction. 

In view of the above, an object of the invention is to improve 
a proportionally actuated electromagnetic valve of the generic 
type in such a fashion that the above-mentioned disadvantages 
are avoided, while maintaining a design as simple as possible. 

According to the invention, this object is achieved for an 
electromagnetic valve of the indicated type by means of the 
characterizing features of patent claim 1. 
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Further features, advantages and possible applications of the 
invention will be explained in the following by way of the 
description of an embodiment. 

Figure 1 shows a total view of a proportionally actuatable 
electromagnetic valve, which is normally open in its basic 
position and configured as a two-way seat valve, with a 
cartridge-type valve housing 8 including a spherical valve 
closure member 9 at a stepped valve tappet 1. The valve tappet 
1 contacts a cylindrical magnet armature 10 on the opposite 
frontal end of the valve closure member 9. Valve closure 
member 9 points to a tubular valve seat 2, while the magnet 
armature 10 faces the magnet core 11 integrated in the valve 
housing 8. Secured to the magnet core 11 is a preferably 
deepdrawn sleeve 12 in which the magnet armature 10 can align 
and move axially. A valve coil 13 is arranged at the periphery 
of sleeve 12, embedded between a yoke-type sheet 16 and a 
magnet end plate 17. 

During energization of the valve coil 13, the magnet armature 
10 moves in a per se known manner in the direction of the 
magnet core 11 so that the valve closure member 9 shaped at 
the valve tappet 1 will continuously decrease the pressure 
fluid connection that is open in the basic position between a 
pressure-fluid inlet channel and a pressure-fluid outlet 
channel 14, 15, in opposition to the effect of a valve spring 
4 interposed between the valve tappet 1 and the valve seat 2. 

To be able to maintain a proportional control, the embodiment 
at issue requires a defined geometrical dimensioning of the 
valve seat member 2 and the valve tappet 1. To this end, the 
valve closure member 9 at the valve tappet 1 has a preferably 
ball-shaped contour with a diameter of 1.8 to 2.2 mm. This 
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corresponds to a sealing diameter at the valve seat of 0.9 to 
1.1 mm. The valve seat angle amounts to 120 degrees. 
Therefore, it is of special importance to maintain the above- 
mentioned dimensions and the cleanliness of the components. 

The electromagnetic valve is provided as an inlet valve for 
use in slip-controlled motor vehicle brake systems. In the 
basic position, its valve closure member 9 is lifted from the 
valve seat member 2 by means of the valve spring 4 interposed 
between the valve tappet 1 and the valve seat member 2. 

In this arrangement, the special feature involves that for 
reducing or even avoiding deposits at the valve seat 2 and at 
the valve closure member 9, the valve coil 13 can be actuated 
by an electric current in such a manner that the valve closure 
member 9 will impinge upon the valve seat 2 with an adequately 
high impulse force beyond the proportional actuation. To this 
end, it is necessary to rate the power of the electric current 
such that the valve closure member 9 impulse-like performs its 
maximum stroke and impinges with a corresponding strength upon 
the valve seat 2. 

To remove contaminants deposited at the valve closure member 9 
and at the valve seat 2, the power of the electric current is 
selected in response to the degree of contamination, i.e. 
mainly according to the quantity of deposits taking effect on 
the pressure variation inside the valve. To remove sediments 
from the valve seat 2 and/or the valve closure member 9, a 
sufficient rate of current is applied to the valve coil 9 in 
time intervals when proportional valve actuation does not take 
place, said current making the normally inactive valve closure 
member 9 impinge continuously or discontinuously upon the 
valve seat 2 with an impulse force destroying the deposits. 
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This measure is especially effective when the fluid pressure 
at the valve closure member 9 is at a minimum so that with 
least hydraulic resistance, the valve closure member 9 will 
impinge with the maximum stroke and the maximum speed upon the 
valve seat 2. Even most persistent sediments can be stripped 
this way from the valve seat 2 and the valve closure member 9 
and, if necessary, removed even by repeating the above- 
described measure several times. 

Stripped sediments can best be rinsed out of the area of valve 
seat 2 and valve closure member 9 in times when the fluid 
pressure in the valve is at a maximum. For the purpose of an 
optimal rinsing effect, the valve closure member 9 has then 
been switched to assume a position in which it releases the 
maximum opening cross-section of the valve. 

To remove the deposits at the valve seat 2 and/or at the valve 
closure member 9, the magnet coil 13 is actuated with the 
impulse force stripping off the sediments at the latest when a 
leakage occurs in the valve's closed position. To detect the 
valve leakage between the valve seat 2 and the valve closure 
member 9, a means is provided detecting in the closed valve 
position the pressure of the fluid upstream and downstream of 
the valve closure member 9 or valve seat 2, respectively. A 
pressure change representative of the valve leakage can be 
concluded from the measured hydraulic pressure. As a 
measurement means, pressure sensors 6 are arranged upstream 
and downstream of the valve closure member 9, said sensors 
being connected to an electronic controller 20 actuating the 
valve coil 13 for the purpose of evaluating the pressure 
sensor signals representative of the pressure change at the 
valve closure member 9. A pressure model is stored in the 
electronic controller 20, permitting a comparison of the 
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nominal pressure with the allowable pressure difference due to 
the contamination of the valve, to what end the controller 20 
is equipped with an appropriate evaluating circuit. 

A tandem master cylinder is connected as a braking pressure 
generator 3 to the pressure fluid inlet channel 14 of the 
electromagnetic valve illustrated in Figure 1. The pressure 
fluid outlet channel 15 of the electromagnetic valve is 
connected to a wheel brake 5 at the level of the valve spring 
4. Connected to the said pressure fluid connection leading to 
wheel brake 5 is a return conduit accommodating an outlet 
valve 7 and being equipped with a low-pressure accumulator 18 
and a pump 19 according to the return delivery principle. The 
return conduit is connected to the pressure fluid inlet 
channel 14. The hydraulic circuit shown is of principal nature 
and serves for a general explanation. Modifications are 
possible . 

Based on the electrically non-energized condition of the valve 
coil 13 in which the electromagnetic valve is initially opened 
completely according to the drawing, the electromagnetic valve 
is principally operated in a brake pressure control by way of 
a proportional or analog actuation method programmed in 
controller 20 so that it sensitively releases the respectively 
desired valve cross-section by means of different control 
currents for the purpose of pressure metering. 

According to the diagrammatic view, the electromagnetic valve 
is inserted into a braking pressure conduit connecting the 
braking pressure generator 3 to the wheel brake 5 in a slip- 
controlled motor vehicle brake system so that as an 
alternative of pressure sensing by means of pressure sensors 
6, the valve leakage can be detected, using an appropriate 
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software, by way of a corresponding pressure model in the 
controller 20. The pressure model takes into account the 
pressure variation in the wheel brake 5 and in the braking 
pressure generator 3 that is changed due to the leakage. Under 
defined conditions, the use of a pressure model obviates the 
need for pressure sensors. 

The pressure model representative of the changed pressure 
variation in the wheel brake 5 is calculated in response to 
vehicle-related and brake-related parameters. Among these is 
data regarding the vehicle deceleration, the initial pressure 
in the braking pressure generator, and the braking-pressure 
increase and braking-pressure decrease characteristics in 
dependence on the signs of deposits in the valve. For example, 
the pressure model, among others, takes into account the 
change of the braking pressure increase gradient in the case 
of deposits in the valve. 

Although the invention has been illustrated so far merely by 
way of a proportional electromagnetic valve opened in the 
basic position, the statements made with respect hereto are 
also applicable to proportionally actuatable electromagnetic 
valves, closed in their basic position, so that the invention 
disclosed, as a consequence, can also be applied to the outlet 
valve 7 illustrated in Figure 1. 
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List of Reference Numerals: 



1 


valve tappet 


2 


valve seat 


3 


braking pressure generator 


4 


valve spring 


5 


wheel brake 


6 


pressure sensor 


7 


outlet valve 


8 


valve housing 


9 


valve closure member 


10 


magnet armature 


11 


magnet core 


12 


sleeve 


1 7 


iiicigxieu tun 


14 


pressure fluid inlet channel 


15 


pressure fluid outlet channel 


16 


yoke-type sheet 


17 


magnet end plate 


18 


low-pressure accumulator 


19 


pump 


20 


controller 



